In order to study the characteristics of soil nutrient elements and the changes in biomass under different densities and soil layers of forest stand, this paper considers Chinese fir (Cunninghamia lanceolata (Lamb.) Hook) density test forests with five densities (A: 1667 trees·ha −1 ; B: 3333 trees·ha −1 ; C: 5000 trees·ha −1 ; D: 6667 trees·ha −1 ; E: 10,000 trees·ha −1 ) as the research objects, located in Naxi District, Sichuan Province, China. Eleven soil physical and chemical property indicators, understory vegetation, and litter biomass were measured. The results were as follows: (1) The stand density had a significant effect on the soil nutrient content, understory vegetation, and litter biomass. A low density is conducive to the accumulation of soil organic matter, hydrolytic N, available P, available K, and total Ca. (2) With the increase in soil depth, the contents of soil organic matter, total N, hydrolytic N, and total P decreased gradually; pH and total Ca decreased gradually; and available P showed a trend of decrease-up-decrease. The soil layers had no significant effect on the total K, total Fe, and total Mg concentrations. (3) Low density (density A or B) was found to be beneficial to the growth of undergrowth vegetation and forest trees, the return of nutrients, long-term soil maintenance, and the stable high yield of Chinese fir plantations.
Introduction
In forest ecosystems, soil, above-ground vegetation and litter collectively form a system, i.e., a complex material cycle system with elements that complement each other. Soil organic matter and various other nutrients are mainly derived from litter and plants [1] . At present, the research on soil nutrients in plantations is very extensive [2] [3] [4] . Studies have shown that soil pH, soil alkaline nitrogen, available phosphorus, available potassium, and organic carbon can reflect the storage and supply of soil nutrients, which are the main indicators for evaluating soil fertility [5] [6] [7] . Soil nutrients directly affect the extent of plant growth [8] . Soil organic matter is an important component of soil nutrients, and is the main source of plant nutrient elements. It can promote the physiological activities of plants and microorganisms, and has important significance in soil fertility and environmental protection [9] . Soil organic matter and pH have significant effects on the availability of heavy metals such as EDTA-Cu, Pb, and Zn in soil, and soil pH has a greater impact on the concentration of heavy metals in rice plants [10] . Nitrogen plays a key role in the productivity of ecosystems during the material cycle [11] . At the same time, the distribution pattern in plants can reflect the ability of plants to use the soil. Phosphorus is involved in energy conversion such as light and respiration during plant growth. It is
Soil and Biomass Sampling
In each plot, three soil profiles were excavated diagonally to give 45 soil layers in total. Soil samples were collected from each soil profile at 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm. Three ring cutters were used for each layer to determine the soil bulk density, and the soil was sampled with a small aluminum box to determine soil water content. The soil sample was marked and brought back to the lab. In the lab, the soil samples were dried, ground, and sieved (100 mesh) for the determination of various indicators.
The total N concentration was determined by the Kjeldahl method using a 2300 Kjeltec Analyzer Unit (FOSS, Hilleroed, Denmark). The hydrolytic N concentration was determined by the diffusion absorption method. The extraction method for total P and K and available P and K was conducted according to the soil physical and chemical analysis. Soil available P and total K were extracted with sodium bicarbonate and a hydrochloric acid/ammonium fluoride mix, respectively, and then determined using the Mo-Sb anti-colorimetric method [37] . Soil organic matter was measured using the K 2 Cr 2 O 7 -H 2 SO 4 oxidation method [37] . Soil pH was determined by the potentiometer method, using soil/saline solution suspensions (soil-KCl 1 mol) in a 1:2.5 proportion [38] . The total Ca, Mg, and Fe concentrations were determined by an atomic absorption spectrophotometer (Thermo Fisher Scientific, Rockford, IL, USA) [39] .
In each plot, three 2 × 1 m quadrats were selected according to diagonal line. Herbs were collected according to the whole plant harvesting method in the small plot, and litter was collected and weighed separately. Samples of herbs and litter collected were packed in bags, transported to the laboratory, and dried in an oven until stable. 
Statistical Analysis
All statistical analyses were performed using Excel 2013 and the Statistical Analysis System (IBM SPSS Statistics 22.0, IBM, Armonk, NY, USA). Single factor analysis of variance (One-way ANOVA) and Duncan multiple-range test were used to analyze the differences of soil physical and chemical property indicators under different stand densities and soil layers (p = 0.05). The correlation of eleven soil indicators was calculated by correlation analysis. Unary linear regression was used to determine the regression between litter biomass, herb biomass, and planting density.
Results

The Density and Soil Layer Effect of Soil Nutrients
pH
As shown in Figure 1 , the average soil pHs of the five densities in the Chinese fir plantations were 3.91, 3.89, 3.97, 4.00, and 4.03, respectively. The analyses of variance showed that the soil pH value of density E was significantly higher than that of density C at 0-20 and 20-40 cm. The soil pH of density D was significantly higher than that of density A at 0-20 and 20-40 cm, and the soil pH of density C was significantly higher than that of density B at 0-20 and 20-40 cm (p < 0.05). It can be seen that soil pH varies greatly between the densities in the topsoil compared to the deeper layers, with an increase occurring with soil depth.
In densities A and B, the 80-100 cm and 60-80 cm soil layers had significantly higher soil pH values compared to the 20-40 cm layer, and the pH of the 20-40 cm layer was significantly higher than that of 0-20 cm layer. In density C and D, the soil pH of deeper soil was significantly higher than that of surface soil.
The soil pH values of the 0-20 cm, 40-60 cm, and 60-80 cm soil layers showed the order of E > D > C > A > B. At a depth of 20-40 cm, the soil pH values showed a different order: D > E > C > A > B. At a depth of 80-100 cm, the soil pH order was E > D > C > B > A, and the difference between densities was not significant (p > 0.05). With an increase in forest density, the soil pH value of each soil layer decreased from density A to density B and increased from density B to density E. The soil pH in high-density stands was greater than that in low-density stands. of eleven soil indicators was calculated by correlation analysis. Unary linear regression was used to determine the regression between litter biomass, herb biomass, and planting density.
The density and soil layer effect of soil nutrients
3.1.1. pH
The soil pH values of the 0-20 cm, 40-60 cm, and 60-80 cm soil layers showed the order of E > D > C > A > B. At a depth of 20-40 cm, the soil pH values showed a different order: D > E > C > A > B. At a depth of 80-100 cm, the soil pH order was E > D > C > B > A, and the difference between densities was not significant (p > 0.05). With an increase in forest density, the soil pH value of each soil layer decreased from density A to density B and increased from density B to density E. The soil pH in highdensity stands was greater than that in low-density stands.
Figure 1.
Changes in pH in different layers under different stand densities. Note: Different capital letters for the same planting density indicate a significant difference (p < 0.05); different lowercase letters in the same soil layer represent a significant difference (p < 0.05).
Organic Matter
The average soil organic matter contents of densities A, B, C, D, and E Chinese fir plantations was 9.29, 14.41, 11.64, 13.08, and 11.50 g·kg −1 , respectively, in the 0-100cm soil layer ( Figure 2 ). The organic matter content of density B was significantly higher than that of density A (p < 0.05), while the differences among densities D, C, and E were not significant (p > 0.05). With an increase in forest 
The average soil organic matter contents of densities A, B, C, D, and E Chinese fir plantations was 9. 29, 14.41, 11.64, 13 .08, and 11.50 g·kg −1 , respectively, in the 0-100cm soil layer ( Figure 2 ). The organic matter content of density B was significantly higher than that of density A (p < 0.05), while the differences among densities D, C, and E were not significant (p > 0.05). With an increase in forest density, the soil organic matter content in each soil layer increased from density A to density B, and from density B to density E, a decreased-up-down pattern was shown. The average organic matter contents at 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm were 27.44, 12.39, 7 .96, 6.26, and 5.00 g·kg −1 , respectively. Soil organic matter decreased with an increase in soil depth.
Among the different soil layers, the soil organic matter content of the 0-20 cm soil layer in the five densities stands was significantly higher than the 20-40 cm soil layer, and the 20-40 cm soil layer was significantly higher than the 60-80 cm layer. Among the different densities, the soil organic matter contents of the 0-20 cm, 60-80 cm, and 80-100 cm soil layer followed an order of B > D > E > C > A. Density B had a significantly higher soil organic matter content than the other four densities at the 0-20 cm soil layer; densities B and D had significantly higher soil organic matter contents than density A at the 60-80 cm soil layer (p < 0.05), and the differences of these densities in the 80-100 cm soil layer were not significant (p > 0.05). At the 20-40 cm soil layer, the soil organic matter content showed the order: D > C > B > E > A. The soil organic matter content of density D was significantly higher than that of density A (p < 0.05). The difference between densities C, B, and E was not significant (p > 0.05); At the 40-60 cm soil layer, the soil organic matter content followed the order of D > B > C > E > A, and the differences among densities were not significant (p > 0.05). Among the different soil layers, the soil organic matter content of the 0-20 cm soil layer in the five densities stands was significantly higher than the 20-40 cm soil layer, and the 20-40 cm soil layer was significantly higher than the 60-80 cm layer. Among the different densities, the soil organic matter contents of the 0-20 cm, 60-80 cm, and 80-100 cm soil layer followed an order of B > D > E > C > A. Density B had a significantly higher soil organic matter content than the other four densities at the 0-20 cm soil layer; densities B and D had significantly higher soil organic matter contents than density A at the 60-80 cm soil layer (p < 0.05), and the differences of these densities in the 80-100 cm soil layer were not significant (p > 0.05). At the 20-40 cm soil layer, the soil organic matter content showed the order: D > C > B > E > A. The soil organic matter content of density D was significantly higher than that of density A (p < 0.05). The difference between densities C, B, and E was not significant (p > 0.05); At the 40-60 cm soil layer, the soil organic matter content followed the order of D > B > C > E > A, and the differences among densities were not significant (p > 0.05). It can be seen from Figure 3 that the surface soil layer (0-40 cm) in densities A, B, and C had a higher total N content than the deeper layers (40-100 cm) (p > 0.05). In densities D and E, the 0-20 cm layer had a significantly higher total N content than the 20-40 cm layer (p < 0.05). The 20-40 cm soil layer had a significantly higher soil total N content than the 40-60 cm soil layer, and the 40-60cm soil layer had a significantly higher soil N content than the 60-80 cm and 80-100 cm soil layers (p < 0.05). It can be seen from Figure 3 that the surface soil layer (0-40 cm) in densities A, B, and C had a higher total N content than the deeper layers (40-100 cm) (p > 0.05). In densities D and E, the 0-20 cm layer had a significantly higher total N content than the 20-40 cm layer (p < 0.05). The 20-40 cm soil layer had a significantly higher soil total N content than the 40-60 cm soil layer, and the 40-60cm soil layer had a significantly higher soil N content than the 60-80 cm and 80-100 cm soil layers (p < 0.05).
The total N concentration of density D in the 20-40 cm soil layer was significantly higher than that of density A (p < 0.05), while there was no significant difference among the other four layers (p > 0.05). With the increase in stand density, the total N content in the 0-80 cm soil layer increased slowly from densities A to D, and then decreased to density E. The content of total nitrogen in the 80-100 cm soil layer increased slowly from density A to density C and decreased slowly to density E. The total N concentration of density D in the 20-40 cm soil layer was significantly higher than that of density A (p < 0.05), while there was no significant difference among the other four layers (p > 0.05). With the increase in stand density, the total N content in the 0-80 cm soil layer increased slowly from densities A to D, and then decreased to density E. The content of total nitrogen in the 80-100 cm soil layer increased slowly from density A to density C and decreased slowly to density E. Figure 3 . Changes in the total nitrogen concentration in different layers under different stand densities. Note: Different capital letters in the same planting density significant differences (p < 0.05); different lowercase letters in the same soil layer represent significant differences (p < 0.05).
Hydrolytic N Content
The average amount of soil hydrolytic nitrogen at densities A, B, C, D, and E was 30. 45, 59.58, 39.18, 36 .95, and 43.39 mg·kg −1 , respectively, in the 0-100 cm soil layer ( Figure 4 ). The nitrogen content of density B was the highest in the five planting densities (p < 0.05). The average nitrogen content of the five soil layers was 78. 20, 48.23, 34.66, 24.20, and 22 .04 mg·kg −1 , respectively. As the depth of the soil layer increased, the soil hydrolytic N content decreased sharply between the 0-60 cm soil layers, and the rate of decline decreased at 60-100 cm.
The soil hydrolytic N content of densities A, B, and D decreased with the increase of soil depth. In densities A and D, the 0-20 cm soil layer had a significantly higher soil hydrolytic N content than the 20-40 cm soil layer, the 20-40 cm soil layer had a significantly higher soil hydrolytic N content than the 60-80 cm and 80-100 cm soil layers (p < 0.05), and the difference between the 20-40 cm and 40-60 cm soil layers was not significant (p>0.05). The soil hydrolytic N content of density B in the 0-20 cm layer was significantly higher than in the 40-60 cm, 60-80 cm, and 80-100 cm soil layers (p < 0.05), whereas the difference between the 0-20 cm and 20-40 cm soil layers was not significant (p > 0.05). Different from densities A, B, and D, the changes in hydrolytic N content with soil depth in densities C and E showed the following order: 0-20 cm > 20-40 cm > 40-60 cm > 60-80 cm > 80-100 cm. In density C, the 0-20 cm soil layer had a significantly higher soil hydrolytic N content than the 20-40 cm soil layer. The 20-40 cm soil layer had a significantly higher soil hydrolytic N content than the 80-100 cm and 60-80 cm soil layers (p < 0.05), and the difference between the 20-40 cm and 40-60 cm soil layers was not significant. The 40-60 cm, 80-100 cm, and 60-80 cm soil layers showed no significant differences in soil hydrolytic N content (p > 0.05). In density E, the soil hydrolytic N content in the 0-20 cm soil layer was significantly higher than in the 20-40 cm, 40-60 cm, and 80-100 cm soil layers. The soil hydrolytic N content in the 40-60 cm soil layer was significantly higher than in the 
The average amount of soil hydrolytic nitrogen at densities A, B, C, D, and E was 30.45, 59.58, 39.18, 36.95, and 43.39 mg·kg −1 , respectively, in the 0-100 cm soil layer ( Figure 4 ). The nitrogen content of density B was the highest in the five planting densities (p < 0.05). The average nitrogen content of the five soil layers was 78.20, 48.23, 34.66, 24.20, and 22.04 mg·kg −1 , respectively. As the depth of the soil layer increased, the soil hydrolytic N content decreased sharply between the 0-60 cm soil layers, and the rate of decline decreased at 60-100 cm.
The soil hydrolytic N content of densities A, B, and D decreased with the increase of soil depth. In densities A and D, the 0-20 cm soil layer had a significantly higher soil hydrolytic N content than the 20-40 cm soil layer, the 20-40 cm soil layer had a significantly higher soil hydrolytic N content than the 60-80 cm and 80-100 cm soil layers (p < 0.05), and the difference between the 20-40 cm and 40-60 cm soil layers was not significant (p>0.05). The soil hydrolytic N content of density B in the 0-20 cm layer was significantly higher than in the 40-60 cm, 60-80 cm, and 80-100 cm soil layers (p < 0.05), whereas the difference between the 0-20 cm and 20-40 cm soil layers was not significant (p > 0.05). Different from densities A, B, and D, the changes in hydrolytic N content with soil depth in densities C and E showed the following order: 0-20 cm > 20-40 cm > 40-60 cm > 60-80 cm > 80-100 cm. In density C, the 0-20 cm soil layer had a significantly higher soil hydrolytic N content than the 20-40 cm soil layer. The 20-40 cm soil layer had a significantly higher soil hydrolytic N content than the 80-100 cm and 60-80 cm soil layers (p < 0.05), and the difference between the 20-40 cm and 40-60 cm soil layers was not significant. The 40-60 cm, 80-100 cm, and 60-80 cm soil layers showed no significant differences in soil hydrolytic N content (p > 0.05). In density E, the soil hydrolytic N content in the 0-20 cm soil layer was significantly higher than in the 20-40 cm, 40-60 cm, and 80-100 cm soil layers. The soil hydrolytic Sustainability 2019, 11, 5410 7 of 20 N content in the 40-60 cm soil layer was significantly higher than in the 60-80 cm soil layer, and there was no significant difference between the 40-60 cm and 80-100 cm soil layers (p > 0.05).
With an increase in planting density, the soil nitrogen content in each soil layer increased rapidly from densities A to B, decreased first and then increased from densities B to E. The soil hydrolytic N content of the 0-20 cm layer showed the order B > E > D > C > A. The soil hydrolytic N content in densities B and E was significantly higher than in density A (p < 0.05), and the difference between densities D and C was not significant (p > 0.05). The content in the 20-40 cm layer followed the order B > D > E > C > A, and there were no significant differences between the five densities (p>0.05). The content in the 40-60 cm layer followed the order B > C > A > E > D. The content of the 60-80 cm layer showed the order B > C > D > A > E. The content in the 80-100 cm layer followed the order
Sustainability 2019, 11, x FOR PEER REVIEW 7 of 21 60-80 cm soil layer, and there was no significant difference between the 40-60 cm and 80-100 cm soil layers (p > 0.05).
With an increase in planting density, the soil nitrogen content in each soil layer increased rapidly from densities A to B, decreased first and then increased from densities B to E. The soil hydrolytic N content of the 0-20 cm layer showed the order B > E > D > C > A. The soil hydrolytic N content in densities B and E was significantly higher than in density A (p < 0.05), and the difference between densities D and C was not significant (p > 0.05). The content in the 20-40 cm layer followed the order B > D > E > C > A, and there were no significant differences between the five densities (p>0.05). The content in the 40-60 cm layer followed the order B > C > A > E > D. The content of the 60-80 cm layer showed the order B > C > D > A > E. The content in the 80-100 cm layer followed the order B > C > E > A > D. 
Total P Content
The total P content of soil in the 0-100 cm layer was 0.19, 0.15, 0.16, 0.16, and 0.26 g·kg −1 , respectively, for the A, B, C, D, and E density plantations. The total P content of density E was significantly higher than that of the other four density stands (p < 0.05) ( Figure 5 ). The soil total P content of the different densities was 0.26, 0.19, 0.17, 0.15, 0.15, and 0.15g·kg −1 at the 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm soil layers, respectively. The total P content of the soil gradually decreased with an increase in soil depth.
No significant difference was found in the soil total P content between different soil layers in densities A and B (p > 0.05). The soil total P content in density C was significantly higher in the 0-20 cm layer than in the 40-60 cm, 60-80 cm, and 80-100 cm layers, but there was no significant difference between the 0-20 cm and 20-40 cm soil layers (p > 0.05). In the density D, the total P content in the 0-20 cm layer was significantly higher than that in the 20-40 cm layer, and the total P content in the 20-40 cm layer was significantly higher than that in the 80-100 cm layer (p < 0.05), but there were no significant differences among the 20-40 cm, 40-60 cm, and 60-80 cm layers. In the E density stand, the soil total P content of the 0-20 cm layer was significantly higher in than the 60-80 cm and 80-100 cm layers (p < 0.05), and there was no significant difference between the 20-40 cm and 40-60 cm layers (p > 0.05). 
No significant difference was found in the soil total P content between different soil layers in densities A and B (p > 0.05). The soil total P content in density C was significantly higher in the 0-20 cm layer than in the 40-60 cm, 60-80 cm, and 80-100 cm layers, but there was no significant difference between the 0-20 cm and 20-40 cm soil layers (p > 0.05). In the density D, the total P content in the 0-20 cm layer was significantly higher than that in the 20-40 cm layer, and the total P content in the 20-40 cm layer was significantly higher than that in the 80-100 cm layer (p < 0.05), but there were no significant differences among the 20-40 cm, 40-60 cm, and 60-80 cm layers. In the E density stand, the soil total P content of the 0-20 cm layer was significantly higher in than the 60-80 cm and 80-100 cm layers (p < 0.05), and there was no significant difference between the 20-40 cm and 40-60 cm layers (p > 0.05).
Among different densities, the total P content of the 0-20 cm, 20-40 cm, and 40-60 cm soil layers in density E was significantly higher than that of the other four density stands (p < 0.05), while there was Sustainability 2019, 11, 5410 8 of 20 no significant difference between the densities for the 60-80 cm and 80-100 cm soil layers (p > 0.05). With the increase in forest density, the total P content in the 0-40 cm and 60-100 cm soil layers decreased from density A to density B, increased slowly from density B to density D, and increased sharply at density E to reach the highest level. In the 40-60 cm soil layer, the total P content from density A to density D changed a little and then increased in density E. Among different densities, the total P content of the 0-20 cm, 20-40 cm, and 40-60 cm soil layers in density E was significantly higher than that of the other four density stands (p < 0.05), while there was no significant difference between the densities for the 60-80 cm and 80-100 cm soil layers (p > 0.05). With the increase in forest density, the total P content in the 0-40 cm and 60-100 cm soil layers decreased from density A to density B, increased slowly from density B to density D, and increased sharply at density E to reach the highest level. In the 40-60 cm soil layer, the total P content from density A to density D changed a little and then increased in density E. 
Available P Content
The available P content of the A, B, C, D, and E density plantations in the 0-100 cm layer was 1.48, 0.84, 0.99, 0.74, and 0.29 g·kg −1 , respectively. As can be seen from Figure 6 , the soil available P content in density A was significantly higher than that in density E (p < 0.05), but the differences among densities C, B, and D were not significant (p > 0.05). The available P content was 1.10, 0.62, 1.24, 0.60, and 0.79 mg·kg −1 in the 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm soil layers. The available P content showed a decreasing-rising-decreasing trend with the increasing depth of the soil layer.
There was no significant difference in the soil available P content between different soil layers in densities A, B, C, and D (p > 0.05). However, the soil available P content of the 0-20 cm soil layer in the density E stand was significantly higher than that of the 60-80 cm and 80-100 cm layers (p < 0.05). There were no significant differences between the 20-40 cm and 40-60 cm layers (p > 0.05).
There was no significant difference in the available soil P content between the 0-20 cm and 40-60 cm soil layers (p > 0.05). At the 20-40 cm soil layer, the available P content in density B was significantly higher than that in densities A, D, C, and E. The available P content in density A was significantly higher than that in the other four densities in the 60-80 cm and 80-100 cm soil layers (p < 0.05). With the increase in forest density, the soil available phosphorus content in each soil layer decreased rapidly from density A to density B, then it first increased and then decreased from density B to density E. 
Total K Content
The average K contents of densities A, B, C, D, and E in the 0-100 cm soil layer were 14.51, 11.69, 13.76, 21.64, and 28.58 g·kg −1 , respectively. As shown in Figure 7 , the total K content of density E was significantly higher than that of the other four densities (p < 0.05). The average total K content Chinese fir plantations at 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm was 15.98, 17.87, 18.29, 18.17, and 19.5 g·kg −1 , respectively. The content increased slowly as the depth of the soil layer increased.
There was no significant difference in the total K content between different soil layers in densities A, B, C, and E (p > 0.05). The total K content in density D was significantly higher in the 80-100 cm, 20-40 cm, and 60-80 cm soil layers than in the 40-60 cm and 0-20 cm soil layers (p < 0.05).
Between different densities, the total K content of each layer showed a basic order of E > D > A > C > B. At 0-20 cm, 20-40 cm, 40-60 cm, and 60-80 cm, the total K content of density E was significantly higher than density D, the total K content of density D was significantly higher than that of densities A, C and B (p < 0.05), while at 80-100 cm, the total K content of densities E and D was significantly higher than the other three densities (p < 0.05). With the increase in forest density, the total K content of the soil layers was basically the same, showing an upward trend. 
Between different densities, the total K content of each layer showed a basic order of E > D > A > C > B. At 0-20 cm, 20-40 cm, 40-60 cm, and 60-80 cm, the total K content of density E was significantly higher than density D, the total K content of density D was significantly higher than that of densities A, C and B (p < 0.05), while at 80-100 cm, the total K content of densities E and D was significantly higher than the other three densities (p < 0.05). With the increase in forest density, the total K content of the soil layers was basically the same, showing an upward trend. Figure 7 . Changes in the total K in different layers under different stand densities. Note: Different capital letters in the same planting density indicate significant differences (p < 0.05); different lowercase letters in the same soil layer represent significant differences (p < 0.05).
Available K Content
The average available K content of densities A, B, C, D, and E in the 0-100 cm soil depth was 75.50, 31.21, 52.67, 37.81, and 42.95 mg·kg −1 , respectively. The soil available K in low-density stands was greater than that in the high-density stands, and the five densities showed a consistent change trend in soil available K, with a basic order of A > C > E > D > B (Figure 8 ). The available K content of the five soil layers in different Chinese fir plantation densities was 45.87, 46.85, 49.59, 49.23, and 49.24 mg·kg −1 , respectively. The available K content increased slowly as the soil layer depth increased.
There was no significant difference in the available K content between different soil layers in the A, B, C, D and E density stands (p > 0.05). The available K content in each layer followed the order A > C > E > D > B, in which the content of density A was significantly higher than that in density C at the 0-20 cm, 20-40 cm, and 60-80 cm soil layers. The content in density C was significantly higher than in densities E and D. The content in densities E and D was significantly higher than in density B (p < 0.05). At the 40-60 cm and 80-100 cm soil layers, the available K content in density A was significantly higher than in densities C and E, the available K content in density C was significantly higher than in density D. The content in density E was significantly higher than in density B (p < 0.05). With an increase in the planting density, the available K content of the five soil layers was basically the same, showing a sharp decline from density A to density B, a rise from density B to density C, a decrease from density C to D, and a slight increase from density D to density E. 
The average available K content of densities A, B, C, D, and E in the 0-100 cm soil depth was 75.50, 31.21, 52.67, 37.81, and 42.95 mg·kg −1 , respectively. The soil available K in low-density stands was greater than that in the high-density stands, and the five densities showed a consistent change trend in soil available K, with a basic order of A > C > E > D > B (Figure 8 ). The available K content of the five soil layers in different Chinese fir plantation densities was 45.87, 46.85, 49.59, 49.23, and 49.24 mg·kg −1 , respectively. The available K content increased slowly as the soil layer depth increased. 
Total Fe Content
The average total Fe content in the Chinese fir plantations with densities A, B, C, D, and E was 26.12, 21.02, 27.87, 30.25, and 26.24 g·kg −1 in the 0-100 cm soil layer. As can be seen from Figure 9 , in general, the total Fe content in density D was the highest. The total Fe content of the different densities of Chinese fir plantations was 24.90, 26.01, 26.83, 26.88, and 26.82g·kg −1 in the 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm soil layers, respectively. The Fe content increased with the depth of the soil layer.
The soil layer was found to have a non-significant effect on the total Fe content (p > 0.05). The total Fe content of the surface soil was the lowest in all planting densities. The total Fe content in the 0-20 cm, 20-40 cm, and 80-100 cm soil layers had the order D > C > E > A > B. In the 0-20 cm soil layer, density D had a significantly higher total Fe content than density A, and density A had a significantly higher total Fe content than density B (p < 0.05). In the 20-40 cm soil layer, density D had There was no significant difference in the available K content between different soil layers in the A, B, C, D and E density stands (p > 0.05). The available K content in each layer followed the order A > C > E > D > B, in which the content of density A was significantly higher than that in density C at the 0-20 cm, 20-40 cm, and 60-80 cm soil layers. The content in density C was significantly higher than in densities E and D. The content in densities E and D was significantly higher than in density B (p < 0.05). At the 40-60 cm and 80-100 cm soil layers, the available K content in density A was significantly higher than in densities C and E, the available K content in density C was significantly higher than in density D. The content in density E was significantly higher than in density B (p < 0.05). With an increase in the planting density, the available K content of the five soil layers was basically the same, showing a sharp decline from density A to density B, a rise from density B to density C, a decrease from density C to D, and a slight increase from density D to density E.
The soil layer was found to have a non-significant effect on the total Fe content (p > 0.05). The total Fe content of the surface soil was the lowest in all planting densities. The total Fe content in the 0-20 cm, 20-40 cm, and 80-100 cm soil layers had the order D > C > E > A > B. In the 0-20 cm soil layer, density D had a significantly higher total Fe content than density A, and density A had a significantly higher total Fe content than density B (p < 0.05). In the 20-40 cm soil layer, density D had a significantly higher total Fe content than densities E and A, densities C and E had significantly higher total Fe contents than density B (p<0.05), while in the 80-100 cm soil layer, the total Fe content of densities D, C, E, and A was significantly higher than that of density B (p < 0.05). The order of total Fe content in the 40-60 cm and 60-80 cm soil layers was D > C > A > E > B, and the total Fe content of densities D and C was significantly higher than that of density B (p < 0.05). The total Fe content of soil decreased from density A to B, increased from density B to density D, and then decreased to density E. No significant difference was found in the total Ca content between different soil layers in forest densities A, B, C, D, and E (p > 0.05). The soil total Ca content at the 0-20 cm was the lowest. In densities A, D, and E, the total Ca content was the highest at the 40-60 cm soil layer, while in density B, the total Ca content reached the highest concentration at the 60-80 cm soil layer.
The total Ca content in the 0-20 cm and 60-80 cm layers showed an order of B > C > E > D > A, where the content in density B was significantly higher than in densities C, E, and D, and the content 
Total Ca Content
The average soil total Ca content of densities A, B, C, D and E was 5.56, 10.38, 8.43, 7.54, and 8.68 g·kg −1 , respectively, in the 0-100 cm soil layer. It can be seen from Figure 10 that the soil total Ca content was the highest in density B. The average total Ca content at depths of 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm was 7.61, 7.97, 8.41, 8.24 , and 8.26g·kg −1 , respectively. It increased with the depth of the soil layer.
No significant difference was found in the total Ca content between different soil layers in forest densities A, B, C, D, and E (p > 0.05). The soil total Ca content at the 0-20 cm was the lowest. In densities A, D, and E, the total Ca content was the highest at the 40-60 cm soil layer, while in density B, the total Ca content reached the highest concentration at the 60-80 cm soil layer.
The total Ca content in the 0-20 cm and 60-80 cm layers showed an order of B > C > E > D > A, where the content in density B was significantly higher than in densities C, E, and D, and the content in densities C, E, and D was significantly higher than in density A (p < 0.05). At 20-40 cm, 40-60 cm, and 80-100 cm, the total Ca content followed the order B > E > C > D > A, where the content in density B was significantly higher than in densities C and D, and the content in densities E and C was significantly higher than in density A (p < 0.05). With the increase in forest density, the total Ca content of soil increased from density A to density B, and from density B to density E, it decreased first and then increased. Sustainability 2019, 11, x FOR PEER REVIEW 13 of 21 Figure 10 . Changes in the total Ca in different layers under different stand densities. Note: Different capital letters in the same planting density indicate significant differences (p < 0.05); different lowercase letters in the same soil layer represent significant differences (p < 0.05).
Total Mg Content
The average total Mg content in densities A, B, C, D, and E of Chinese fir plantation was 4.45, 6.23, 8.43, 7.54, and 8.57g·kg −1 in the 0-100cm soil layer. As can be seen from Figure 11 , the total Mg content of density E was significantly higher than that of density D, the content of density D was significantly higher than that of density B, and the total Mg content of density A was the lowest (p < 0.05). The average total Mg contents at 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm was 6.63, 6.95, 7.31, 7.07, and 7.12g·kg −1 , respectively. The Mg content first rose and then decreased with the depth of the soil layer.
There was no significant difference in the total Mg content among densities A, B, C, D, and E between different soil layers (p > 0.05). The top soil layer had the lowest total Mg content.
The total Mg content in the 0-20 cm and 60-80 cm soil layers followed the order C > E > D > B > A. In the 0-20 cm layer, the total Mg content in densities C, E, and D was significantly higher than in density B, and the total Mg content in density B was significantly higher than in density A (p < 0.05). In the 0-20 cm, 20-40 cm, 40-60 cm, and 60-80 cm soil layers, the total Mg content of the soil layer had an order of E > C > D > B > A. The total Mg content in densities C, D, and E was significantly higher than in density B, the total Mg content in density B was significantly higher than in density A (p < 0.05). At 80-100 cm, the total Mg content in density E was significantly higher than in density D, and that in density C was significantly higher than that in density B (p < 0.05). The total Mg content of soils increased from density A to density C, and from C density to density E, it decreased first and then increased. 
The total Mg content in the 0-20 cm and 60-80 cm soil layers followed the order C > E > D > B > A. In the 0-20 cm layer, the total Mg content in densities C, E, and D was significantly higher than in density B, and the total Mg content in density B was significantly higher than in density A (p < 0.05). In the 0-20 cm, 20-40 cm, 40-60 cm, and 60-80 cm soil layers, the total Mg content of the soil layer had an order of E > C > D > B > A. The total Mg content in densities C, D, and E was significantly higher than in density B, the total Mg content in density B was significantly higher than in density Sustainability 2019, 11, 5410 13 of 20 A (p < 0.05). At 80-100 cm, the total Mg content in density E was significantly higher than in density D, and that in density C was significantly higher than that in density B (p < 0.05). The total Mg content of soils increased from density A to density C, and from C density to density E, it decreased first and then increased. Sustainability 2019, 11, x FOR PEER REVIEW 14 of 21 Figure 11 . Changes in the total Mg in different layers under different stand densities. Note: Different capital letters in the same planting density indicate significant differences (p < 0.05); different lowercase letters in the same soil layer represent significant differences (p < 0.05).
Correlation of Soil Nutrient Elements in the Studied Site
The correlation analysis results of soil nutrient elements (Table 1) showed that soil organic matter, total N, hydrolytic N, and total P were extremely significant positive correlation (p < 0.01). The hydrolytic N content was significantly negatively correlated with the total Fe; the total P and total K contents showed a significant positive correlation (p < 0.05), and the available P, total K, and total Mg contents were significantly negatively correlated (p < 0.05). The total K and total Fe contents showed a significant positive correlation (p < 0.05), and the total K and total Mg had a significant positive correlation (p < 0.01). There is a significant negative correlation between available K and total Ca (p <0.01), and there is a significant negative correlation between available K and total Mg (p <0.05).
There was a significant negative correlation between the total Ca and total Fe contents (p < 0.05), and a significant positive correlation was shown between the total Ca and total Mg contents (p < 0.05). The soil organic matter, total N content, and hydrolytic N content were significantly negatively correlated with the pH (p < 0.05). The total K, total Fe, and pH showed a significant positive correlation (p < 0.01); the total Mg and pH showed a significant positive correlation (p < 0.05), and the soil total P, available P, available K, and total Ca contents showed no correlation with pH. 
The Effect of Planting Density on Litter and Herb Layer Biomass
It can be seen from Figure 12 that the litter biomass decreased with the increase in forest density. At the lowest density, the litter biomass reached a maximum of 4.68 kg·m −2 . From densities A to C, the decline was small, while from densities C to D, it was large, and from densities D to E, it slightly rebounded. The herb layer biomass increased initially, followed by a decrease and then another decrease, reaching a maximum of 3.81 kg·m −2 at density B and reaching a minimum of 1.14 kg·m −2 at densities D and E.
According to Figures 13 and 14 , the biomass of the litter and the herb layer have a linear correlation with the stand density. The biomass of the litter is significantly negatively correlated with the planting density. The biomass of the herb is extremely significantly negatively correlated with the planting density. Notes: ** stand for significant correlation at the 0.01 level (bilateral). * stand for significant correlation at the 0.05 level (bilateral).
According to Figure 13 and Figure 14 , the biomass of the litter and the herb layer have a linear correlation with the stand density. The biomass of the litter is significantly negatively correlated with the planting density. The biomass of the herb is extremely significantly negatively correlated with the planting density. Figure 13 . The relationship of litter production with the planting density. Notes: n stand for the number of samples. Figure 13 . The relationship of litter production with the planting density. Notes: n stand for the number of samples. Figure 14 . The relationship of the herb biomass layer with the planting density. Notes: n stand for number of samples.
Discussion
The soil type in the test site was red soil developed from shale. The soil pH was 3.71-4.09, indicating acidic soil, which was lower than the most suitable soil pH range of 4.5-6.5 for Chinese fir growth [40] . The soil pH value increased with the increase in soil depth. With the increase in forest density, there was a trend of decreasing first and then increasing, and the density of B was the lowest. In low-density stands, the crown density was low, and the canopy had less interception of rainwater, which makes the rain directly contact the ground, giving rise to a strong leaching effect, which in turn causes the loss of salt-based ions and the soil being acidic. The vegetation and litter, as well as light were abundant, and the litter decomposed rapidly under low densities, resulting in a large amount of acid matter gathering in the surface soil [41] .
The soil organic matter content of the Chinese fir plantation showed a gradual slow decline at the 0-100 cm soil layers. The change law of soil organic matter content in the surface layer (0-20 cm) was basically the same as that in the whole soil layer (0-100cm). It can be seen that the organic carbon content of the surface soil plays a key role in the total amount of soil organic matter. With the increase Herb Layer (kg·m -2
)
Planting Density (tree·hm -2 ) Figure 14 . The relationship of the herb biomass layer with the planting density. Notes: n stand for number of samples.
Discussion
The soil organic matter content of the Chinese fir plantation showed a gradual slow decline at the 0-100 cm soil layers. The change law of soil organic matter content in the surface layer (0-20 cm) was basically the same as that in the whole soil layer (0-100cm). It can be seen that the organic carbon content of the surface soil plays a key role in the total amount of soil organic matter. With the increase of forest age, the litter in mature Chinese fir forest is decomposed by leaves and other forms to increase soil organic matter content [36] . Because the roots of Chinese fir are relatively deep in the soil, most of the root nutrient absorption comes from the organic matter contained in the deep soil. Therefore, the organic matter content will increase in densely-distributed roots (i.e., the topsoil). The different densities of Chinese fir plantations have spatial heterogeneity in root distribution [42, 43] , which affects the input of organic matter in various layers of soil, leading to a certain volatility in the vertical distribution of soil organic matter content in Chinese fir plantations [44] .
According to Table 1 , there is a very significant positive correlation between soil organic matter and total nitrogen, hydrolyzed nitrogen, and total phosphorus in the soil. The contents of total N, hydrolytic N, and total P decreased with the increase in soil depth. The increases in total N and hydrolytic N occurred first, followed by a decrease with the increase in density which is similar to soil organic matter. New litter and soil humus, soil microbial biomass, and the decomposition of organic matter (including roots and leaf residues) are important sources of soil nitrogen [45, 46] . The Chinese fir plantation in this study area is 37a. At this time, litter occurred in large quantities, and the content of organic matter in the surface soil of low density increased, which led to a higher total nitrogen content in the surface soil of low density [31, 47, 48] .
The total P content in soil reflects the potential ability of the soil to supply phosphorus, and soil available P can be directly absorbed by plants, which is an important indicator of soil fertility status and has the most direct guiding significance for practical application [49] . The soil total P content decreased slowly with the increase in soil depth, and it first decreased and then increased with the increase in forest density. The reason why the total phosphorus content of the soil decreased from 0 to 40 cm may be that in stages 10-30a, Chinese fir can rapidly grow by ingesting a large amount of phosphorus from the soil which lowers the phosphorus content in the soil. As the density of the Chinese fir plantation increased, the total phosphorus content of the soil increased and was sensitive to the change in density. This is consistent with the results of An et al. (2006) [50] . The soil available P showed a decrease-increase-decrease trend with an increasing soil depth. At the lowest density, the available P content reached a maximum, while the soil pH value was lower. This may be because the soil available P was affected by the soil pH. In acidic soils, phosphate easily precipitates with iron, aluminum, and manganese in the soil, reducing the available phosphorus content [51, 52] .
The contents of total K and available K were not significantly different among different soil layers, but they increased slowly with the increase in soil depth. With an increase in stand density, the total K in the soil showed an upward trend, and the available K was the highest in low density stands. In soil, potassium mainly participates in plant growth and metabolism in the form of ions. Potassium ions are easily lost, which may result in the loss of potassium from the soil [53] . In recent years, due to the pursuit of fast-growing and high-yielding benefits of Chinese fir plantations, the increased intensity of plantation, and the multi-generational succession of Chinese fir plantations, a large amount of potassium output in soil has been aggravated, resulting in an increasingly serious imbalance of potassium levels in soil [54, 55] .
The contents of total Ca, total Fe, and total Mg in different soil layers were not significantly different, and the contents in deep soil were slightly higher than those in surface soil. With an increase in stand density, the total Fe content in soil showed a decrease-increase-decrease pattern. The total Fe content in high-density stands was higher than that in low-density stands, and the change rule for the total Mg content was similar to that of the total iron content, while the total Ca content was contrary to both.
Although understory vegetation biomass accounts for a small proportion of the total forest biomass [56] , it plays an important role in measuring and maintaining forest ecosystem succession dynamics and functional stability [57] . Stand density was negatively correlated with litter biomass and herbage biomass, which is consistent with the studies of Zhang et al. (2017) [58] and Zhang et al [59] . (2019). With an increase in stand density, the biomass of the herbaceous layer and litter decreased gradually, and the biomass of the herbaceous layer was smaller than that of litter. This is because the stand with high density of stands had an increase in the canopy density with an increase of forest age, which leads to the underdevelopment and even death of understory plants due to insufficient light. However, the litter of C. lanceolata was produced in large quantities at this time.
From the above analysis, with the increase in stand density, the contents of organic matter, hydrolytic N, available P, available K, and total Ca in Chinese fir plantation gradually decreased; the pH value, total P, total K, total Fe, and total Mg gradually increased; and the total nitrogen reached its maximum in medium density plantations. In general, the nutrient content in the surface layer (0-40 cm) changed greatly. In low-density stands, the increase of understory vegetation and litter biomass is conducive to the accumulation of organic matter in the surface soil, and thus, the increase of nutrients such as nitrogen and phosphorus, while excessive stand density led to decreases in understory vegetation and litter biomass, which is not conducive to the maintenance of soil nutrients.
Conclusions
Based on the analysis of soil nutrient changes in different soil layers of 37-year-old Chinese fir experimental forests with five initial planting densities in Naxi, Sichuan Province, it was found that planting density has significant effects on soil nutrient content, undergrowth vegetation, and litter biomass, especially in the surface soil layer. A low density (densities A and B) is conducive to the accumulation of nutrients such as soil organic matter, hydrolytic N, available P, available K, and total Ca, which are beneficial for the growth and development of Chinese fir. When the canopy density is low, the transmittance is high, the undergrowth vegetation can grow, and the litter in the forest increases, which is not only conducive to the growth of trees, but also to the improvement of the soil structure. A medium density is beneficial to the accumulation of total nitrogen, while a high density is beneficial to the accumulation of total iron and Mg. Generally speaking, the stand density of Chinese fir should be maintained below 3333 trees·hm −2 to ensure the long-term maintenance of soil nutrients, and suitable thinning can be carried out for stands with higher stand densities. At the same time, due to the fluctuations in the soil nutrient content in the surface soil, it is necessary to further clarify the changes in soil nutrients in the topsoil, and deepen the study on the active ingredients of trace elements such as Ca, Fe, and Mg. In the management of the soil of Chinese fir plantation, the pH value of the surface soil is lower, which is not conducive to the growth of Chinese fir. The soil can be ameliorated by the timely release of an alkaline fertilizer and mixed with broadleaf species. When applying fertilizer, the application of phosphate and nitrogen fertilizers should be added to supplement the nutrients lost during the forest management process, to strengthen the management of forest fertility, and to provide timely fertilization to ensure that the demands for nutrients for forest growth and development are met. 
